T HE PREVALENCE OF OBESITY
(body mass index [BMI {calcu-lated as weight in kilograms divided by height in meters squared}]) has risen markedly since 1976, now exceeding 30% among US adults. 1 Obesity has well-known associations with morbidity and disability, resulting in unhealthy life-years and increased health care costs. 2, 3 Although many studies have examined obesity treatment (weight loss through lifestyle intervention, pharmacotherapy, or surgery), research on obesity prevention (preventing or decreasing the amount of weight gain) is less abundant. 4, 5 Public health guidelines recommend regular physical activity to minimize age-related weight gain, [6] [7] [8] implying that weight gain may be prevented by maintaining high activity levels over time. However, these recommendations are largely based on crosssectional observational and short-term clinical evidence that cannot account for the changing risk of weight gain with increasing age. 9, 10 Data on the amount of activity necessary for prevention of weight gain are also sparse. Although a 2008 report from the US Department of Health and Human Services (HHS) advocates at least 30 minutes of moderateintensity activity 5 days per week, 11 a recent study observed that HHSrecommended activity levels were insufficient for weight gain prevention in middle-aged women (mean, 54.2 years at baseline). 12 It is unclear if fed-eral activity guidelines are sufficient to prevent weight gain, particularly in the transition from young adulthood to middle age, when the highest risk of weight gain occurs. 13 This study evaluates the relationship between maintaining higher activity levels, including HHS-recommended levels, and changes in BMI and waist circumference over 20 years in young adults. Because participation in activity varies by race, sex, and weight status, 11, 14 this study also examines if these factors modify the relationship between activity and weight gain. We hypothesize that maintaining higher levels of moderate and vigorous activity will be associated with smaller increases in BMI and waist circumference as young adults transition to middle age.
METHODS
The Coronary Artery Risk Development in Young Adults (CARDIA) study is a multicenter longitudinal cohort study designed to investigate the development of coronary heart disease risk factors in young adults. The initial cohort consisted of 5115 young adult participants, balanced by age (18-24 years and 25-30 years), sex, race (black and white), and educational status (Յ high school graduate, Ͼhigh school education). Details about eligibility criteria and baseline demographic characteristics have been previously published. 15 Participants from 4 US cities (Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota; and Oakland, California) were initially examined in 1985-1986. Follow-up examinations were performed 2, 5, 7, 10, 15, and 20 years after baseline with retention of the cohort of 91%, 86%, 81%, 79%, 74%, and 72%, respectively. The study was approved by the institutional review board at each center and written informed consent was obtained from all participants.
Physical Activity Measurement
At each examination, physical activity was measured using the intervieweradministered CARDIA Physical Activity History questionnaire. This instrument was specifically designed to assess usual activity during a period of time (ie, 1 year). The questionnaire asks about participation in 13 specific moderate-and vigorous-intensity activities over the previous year, including sports, exercise, home maintenance, and occupational activities. Each activity was assigned an intensity score (ranging from 3-8 metabolic equivalents) and a duration threshold (ranging from 2-5 hours/ week), above which participation was considered to be frequent. Questions did not include details about activity duration. Thus, duration threshold represents the minimum duration for each activity. The activities included in the questionnaire, along with the intensity and duration thresholds for frequent participation, are included in eTable 1 (available at http://www.jama .com). The questionnaire was computer scored using an algorithm described in detail elsewhere. 16 In brief, the algorithm computed a score for each activity based on the intensity score, frequency, and a weighting factor to represent duration. The total activity score was the sum of scores for all activities expressed in exercise units, which represent the usual level of activity over the previous 12 months. For reference, a total activity score of 300 exercise units approximates HHS recommendations of at least 150 minutes of moderateintensity activity per week. 17 Exercise units are related to caloric expenditure, but because the questionnaire did not ask detailed questions about activity duration, caloric expenditure could not be directly estimated. The CARDIA activity questionnaire shows test-retest reliability in the range of 0.77 to 0.84 and scores on the questionnaire are associated with external validation criteria. Details of the scoring system have previously been published. 16 
Other Measurements
At each examination, height, weight, and waist circumference were measured with participants wearing light examination clothes and no shoes. Normal weight, overweight, and obesity were defined as BMI of 18.5 to 24.9, 25.0 to 29.9, and 30.0 or greater, respectively. Age, self-reported race, years of education, cigarette smoking status, and alcohol use were ascertained by interview at each examination and cardiorespiratory fitness was assessed by duration on a symptom-limited treadmill test at baseline. At baseline, year 7, and year 20, energy intake was determined from a CARDIA-specific interviewer-administered dietary history assessment, which includes a quantitative food frequency tool and nutrient measures expressed as intake per day. The reliability and validity of this instrument have previously been reported; validity correlations are generally greater than 0.50. 18 Extreme high and low values of energy intake (Ͼ8000 kcal in men and Ͼ 6000 kcal in women; and Ͻ800 kcal in men and Ͻ600 kcal in women, respectively) were excluded as unreliable.
Habitual Activity Categories
Because activity varies widely within individuals across time, categories were created to reflect long-term or habitual activity levels over 20 years. Sex-specific tertiles for activity scores at baseline examination were calculated and habitual activity levels were defined as maintaining sex-specific baseline activity thresholds at twothirds of follow-up CARDIA examinations. Habitual high, moderate, or low activity levels were defined as maintaining activity scores greater than the baseline upper tertile, middle tertile, or below the lowest tertile, respectively, at two-thirds of follow-up CARDIA examinations. Any other pattern of activity was defined as inconsistent. An additional analysis was performed with high/low habitual activity dichotomized based on maintenance of HHS activity recommendations at baseline and two-thirds of follow-up CARDIA examinations.
Exclusions
For the present analysis, 1561 (31.5%) participants were excluded for the fol-HIGH PHYSICAL ACTIVITY AND WEIGHT GAIN lowing reasons (not mutually exclusive): missing activity scores (n=250), attending fewer than 5 CARDIA examinations (n=1117), missing BMI measurement at baseline (n=17), transgender sex (n = 2), pregnancy at any examination (n = 237), or having undergone bariatric surgery by year 20 (n = 42). The remaining 3554 participants were included, representing 69.5% of the initial CARDIA cohort.
Statistical Analysis
Participation in activity varied by race, sex, and weight status 11, 14 ; therefore, formal tests for effect modification were performed by examining 2-way cross-product terms of activity categories with male sex, black race, and baseline weight status (normal weight or overweight/obese) in separate models. Significant terms were found with male sex (P=.003), therefore, all analyses were stratified by sex. In sensitivity analyses, effect modification by 20-year parity status (nulliparous/not nulliparous) within the female strata was also evaluated. Differences in selected baseline characteristics were compared and pairwise differences in covariates by activity categories were estimated using 1-way analysis of variance and 2 tests for continuous and categorical variables, respectively. Within each sex group, Spearman partial correlation coefficients were calculated to evaluate the cross-sectional relationship between activity score and BMI or waist circumference. Correlations at each CARDIA examination were adjusted for age, alcohol use, education, cigarette smoking status, and energy intake. General linear models were used to compare mean energy intake and estimate pairwise differences in energy intake by activity categories at each year in which dietary history was collected (baseline, year 7, year 20). The generalized estimating equations method (PROC GENMOD version 9.2, SAS Institute Inc, Cary, North Carolina) was used to estimate the relation of habitual activity categories with average annual changes in BMI over 20 years. The independent variable was the habitual activity category (high, moderate, low, or inconsistent), and the dependent variable was time-dependent BMI. Time was treated as a continuous variable, while activity categories were treated as indicator variables with low activity as a referent. We included crossproduct terms of the indicator variables and time; the ␤ coefficients for the cross-product terms indicated the magnitude of difference in average annual changes of BMI relative to the low activity group. Analyses were adjusted for race; baseline BMI; and time-dependent values for age, education, energy intake, number of cigarettes per day, and amount of alcohol intake per day (by milliliters). Longitudinal analyses were repeated using time-dependent waist circumference as the dependent variable.
RESULTS

Comparison of Included and Excluded Participants
In unadjusted analyses, compared with included participants, excluded CARDIA participants at baseline were younger (mean [ 
Tertile Thresholds for Habitual Activity Categories
Sex-specific baseline activity tertiles, used to define habitual high, moderate, and low activity levels, had the following thresholds (in exercise units): for men, at least 608, 340 to 607, and less than 340; and for women, at least 398, 192 to 397, and less than 192, respectively. An inconsistent pattern category was defined by not meeting criteria for other activity categories; therefore no activity threshold was set for the inconsistent pattern category.
Baseline Characteristics
The distribution of participants across habitual activity categories was similar by sex with 11% of women and 12% of men in the highest activity tertile at baseline maintaining this level over 20 years ( 2 3 = 6.0; P =.11). In unadjusted analyses, distribution of most baseline characteristics did not differ across activity categories, with the exceptions of race and baseline weight status (TABLE 1). Among women but not men, a smaller proportion of participants who were overweight/obese at baseline maintained higher activity levels over 20 years.
Cross-sectional Analysis: Relationship of Activity With BMI and Waist Circumference
More consistently in women than men, Spearman partial correlation coefficients adjusted for age, alcohol intake, education, cigarette smoking status, and energy intake demonstrated inverse correlations between activity score and BMI or waist circumference ( Mean BMI adjusted for age and race increased at each CARDIA examination in all habitual activity categories for men and women (FIGURE). Similar patterns were observed for mean waist circumference (eFigure, available at http: //www.jama.com). Unadjusted mean BMI, weight, and waist circumference at each examination are reported in eTable 2 and eTable 3. When habitual high activity was defined as maintaining 300 exercise units over 20 years, equivalent to HHS-recommended activity levels, 36.7% of the cohort (n = 1338) met this definition. Participants maintaining HHS-recommended activity levels experienced smaller annual increases in mean BMI and waist circumference compared with participants who did not after adjustment for race, baseline BMI, age, education, cigarette smoking status, alcohol use, and energy intake (TABLE 4). Men and women maintaining HHS-recommended activity levels gained 1.8 and 4.7 fewer kilograms, respectively over 20 years, compared with participants who did not. Patterns of association were similar, with larger ␤ estimates in models minimally adjusted for age, race, and baseline BMI (eTable 6).
COMMENT
The primary finding of the current study is that relative to lower activity levels, maintenance of higher activity levels over 20 years was associated with smaller gains in BMI among men and women as they transitioned from young adulthood into middle age. Men and women maintaining higher activity gained 2.6 and 6.1 fewer kilograms over 20 years respectively, compared with the low-activity referent group. Weight gains in participants with moderate or inconsistent activity levels generally were not different from the lowactivity group. Importantly, women seemed to benefit the most from maintaining higher activity; the magnitude of weight change was more than twice as large among women compared with men. Similarly, participants who maintained the HHS-recommended 150 Abbreviation: BMI, body mass index; CI, confidence interval. a Values are adjusted for examination center, race, baseline BMI, and the following time-dependent variables: age, education, alcohol intake, cigarette smoking, and energy intake. Baseline ages for young adults are 18 to 30 years. Long-term physical activity categories are based on maintaining sex-specific baseline total activity score tertiles in at least two-thirds of follow-up examinations: lower activity, less than 340 exercise units (men) and less than 192 exercise units (women); moderate activity, 340 to 607 exercise units (men) and 192 to 397 exercise units (women); higher activity, at least 608 exercise units (men) and at least 398 exercise units (women); inconsistent patterns, all other patterns of activity. b BMI is calculated as weight in kilograms divided by height in meters squared. c Values are significantly different (PϽ.05) from reference group. minutes of moderate activity per week gained significantly less weight compared with partipants who did not. Relationships between activity and weight gain were not modified by race or baseline weight status. All associations were independent of factors related to activity or adiposity, including age, education, cigarette smoking status, alcohol use, and energy intake. These results suggest that maintaining higher activity levels during young adulthood may lessen weight gain as young adults transition to middle age.
Our primary finding is in agreement with several longitudinal observational studies showing an inverse association between weight gain and habitual activity. [19] [20] [21] [22] The present study demonstrates these findings even more clearly because our habitual activity categories, based on multiple measures of activity, reflect habitual activity level over time more accurately than studies characterizing habitual activity using only 2 time points. Importantly, our results are observed during the 20-year transition from young adulthood to middle age, when the highest risk of weight gain occurs. 13 Although interventional studies of 12 months or less demonstrate weight loss and weight maintenance with 30 minutes of activity, 23 their short duration could not test activity's efficacy over many years. Furthermore, participants in these intervention studies were obese or weight-reduced at study entry, limiting application to secondary prevention of weight gain rather than primary prevention. This distinction is critical because activity levels necessary for weight loss or weight maintenance in the obese may be substantially different from the general population. 24 Our results extend the application of short-term interventional study findings to a general population concerned with primary weight gain prevention over many years.
The amount of activity for weight gain prevention has been widely debated. 8, 24, 25 Our results support findings from intervention studies suggesting that 30 minutes of activity might be sufficient. 23, 26, 27 However, 2 observational studies have contrary findings. Lee et al 12 reported that 30 minutes of activity was insufficient for weight gain prevention over 13 years among middle-aged women in the Women's Health Study. Among middle-aged men in the Aerobics Center Longitudinal Study, Di Pietro et al 28 concluded that maintaining even 60 minutes of daily activity might not be sufficient to attenuate age-related weight gain. Lee and Di Pietro examined weight change in middle-aged adults, which may explain the incongruent results. At older ages, higher activity levels may be necessary to overcome the well-documented age-related declines in resting metabolic rate and lean body mass. 29 This hypothesis is supported by the observation from the Women's Health Study, which shows that women younger than 55 years maintaining 30 and 60 minutes of activity had similar weight gain.
We observed greater control in weight gain among women who maintain higher activity compared with men. These sex differences could reflect reporting bias in self-reported activity or energy intake data used by CARDIA. Relationships between BMI and selfreported activity are often stronger in women who are less likely than men to overreport activity. 30 Indeed, the observed stronger associations in women are consistent with other reports using self-reported activity data. 16, 24, [30] [31] [32] [33] [34] Compensatory changes in energy intake may also account for sex differences in the association between activity and BMI. [35] [36] [37] In the present study, men maintaining higher activity levels reported greater energy intake at all examinations compared with men with lower activity. A compensatory increase in energy intake with higher activity could explain some lessening in the association between activity and weight change observed in men. This hypothesis is highly speculative because the role of energy intake in the relationship between activity and weight change over time cannot be precisely measured from our data.
Although maintaining high activity levels helps lessen weight gain, 2 caveats of our observations should be highlighted. First, higher activity alone may not be sufficient to entirely prevent agerelated weight gain. At all activity levels, men and women experienced gains in BMI and waist circumference over 20 years. Some age-related weight gain may be unavoidable in our society, as it has been observed even among a population of vigorously active runners through middle-age. 38 Second, only a small proportion of adults maintain higher activity levels over several years. Our observed 11% to 12% prevalence of habitual high activity over 20 years supports interventional data that less than one-third of participants maintain high activity after 2 years. 39 Our use of 7 activity scores over 20 years to create categories of habitual activity is an important strength of this study; indeed, prior longitudinal studies created habitual activity variables using only 2 measures (baseline and follow-up), regardless of the time interval between. 20, 22, 28 Because there is no standard definition for habitual activity, activity categories were created a priori, making misclassification possible. We believe our methodology accurately identifies a group of people habitually active at high levels over 20 years; still, it is possible that tertile groups did not discriminate sufficiently between high and low activity.
Our study is limited by measuring activity by self-report, which is known to overestimate activity duration and intensity. Our study is further limited by lack of detail on activity duration. As a result, we cannot translate the activity dose used to define higher activity levels into a precise exercise prescription beyond that which was previously performed to estimate the activity dose equivalent to HHS activity recommendations.
In conclusion, maintaining higher levels of moderate and vigorous activity throughout young adulthood is associated with smaller gains in BMI and waist circumference during the transition from young adulthood to early middle age, particularly in women. Our results reinforce the role of physical activity in minimizing weight gain and highlight the value of incorporating and maintaining at least 30 minutes of activity into daily life throughout young adulthood.
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